
Foreign & 
Commonwealth 

Office 
 

Climate of Amazonia:  From interannual
variability to Climate Change

Jose A. Marengo
CPTEC/INPE



Importance of the Amazon region as one of the major controls on the functioning of
climate in the tropics and the world.

The largest fresh water reservoir and moisture source for other regions outide
Amazonia (Ex. Southeastern South America) 

Largest biodiversity in the world

Seasonal, interannual, interdecadal and long term climate variability

Climate and hydrology affected “ regularly”  by el Nino and the SST conditions in 
the tropical Atlantic

Drought of 2005 was not related to El Niño but to the anomalously warm tropical 
North Atlantic. Not all El Nino produced drought and not all drought events are 
related to El Nino. 

Is the drought of 2005 indication of climate change due to global warming?, 
deforestation and land use changes?, or it is due to interdecadal variability –related
to natural climate variability?:  Hard to attribute deforestation as cause of this
drought

Climate change and Amazonia: Affected by na extended El Nino?, Savannization?,
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Scatter Plot of changes in temperature
and precipitation due to deforestation
in the Amazon basin (from modeling
experiments: Marengo & Nobre 2001, 
D’Almeida 2002) 





Dettinger et al. (2000)



Interannual
variability of 
rainfall 
anomalies in 
Amazonia-
Tocantins 

(Ronchail et al 
2002)



4. Interannual/interdecadal variability

Neutral El Niño - Neutral La Niña - Neutral

Wet 
season

Dry 
season

Foley et al. (2002)



(Marengo et al. 2000)
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Time series of bimonthly SST anomalies since 1920. Series are for the Niño3.4
region, the tropical North and South Atlantic, as well as the gradient between tropical
North and South Atlantic SSTs. Anomalies are with relation to the 1961-90 period.
Boxes indicate years with drought in Amazonia.

(Marengo et al. 2007)



Monthly rainfall anomaly maps for tropical South America from November 2004 to 
December 2005.  Values as shown as deviations from the 1961-1990 long term
mean. Red/blue colors indicate negative/positive rainfall anomalies. Units are in 
mm/month. 

GPCC-Monitoring product available at 1.0° latitude/longitude

(Marengo et al. 2007)





Rio Negro at Manaus- Dry years (anomalies)
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(Marengo et al. 2007)



Zeng et al. 2007



Negro River water levels at Manaus (in m) in the Manaus station, Brazil, during the peak water
level season in June-July (black lines) and the low water level season in September-October
(grey lines). Full/thin broken lines represent the mean/+ 1.5 s. The number indicates years
where the levels reached values lower than 1.5 s. Asterisks depict El Niño years

(Marengo et al. 2007)



Relative Humidity (RH) Anomalies
(%)
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In southern Amazonia, starting in June RH anomalies reach 
up to 8% bellow normal, indicating dryer air (and warmer) and 
establishing conditions for favoring occurrence and 
propagation ofn fire due to the drying up of  the dead biomass.  



Cascade effects of climate variability and change in the Amazon Basin, that
affect society and biodiversity (Source: D. Nepstad, WHRC).



Urban development in the city of Manaus (Freitas 2006)



Anomalias regionais da 
temperatura (ºC) de 6 
modelos de IPCC TAR 
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Modelos do IPCC: HadCM3

RegCM3

Downscaling IPCC 
Scenarios

A2, B2

HadRM3 Eta/CPTEC

Regional models

Climatology
1961-90 

PROBIO-IPCC Global models ised: IPCC TAR (HadCM3)-Version 1 

Maps of climate 
anomalies, and 

indices of 
extremes 
(Regional 

multimodel
ensemble)

2071-2100, A2, B2

Climatology 
regional model 

1961-90

Climate anomalies (future-
present), from regional mulimodel
ensemble Time slices 2071-2100, 
A2, B2



Impacts of 
climate change

Downscaling (40-50 km)
RCM (Eta, RegCM3,HadRM3)

Vulnerability 
Assessments

Adaptation and 
mitigation 
measures

Detection 
and 
attribution

IPCC global models (HadAM3P)

Capacity 
building

Socieconomic 
development

Users and decision makers 
government 

and policy makers 
society, NGO, academics

Development and Applications 

Products: (Paper, digital and GIS)
-Maps of climate change projections for time 
slices, A2, B2 (and uncertainties)
-Reports, publications…. ..

Regional climate change
scenarios: A2, B2, 2071-2100 

and other time slices,
3 regional models

-Science
-Training and capacity

building

Applications for impacts and vulnerability studies  



Rainfall anomalies (mm/day) (Annual) [(2071-2100)- (1961-90)] 
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Rainfall anomalies (mm/day)-DJF- [(2071-2100)- (1961-90)] 

Temperature anomalies (C) DJF - [(2071-2100)- (1961-90)]
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Rainfall anomalies(mm/day)  SON [(2071-2100)- (1961-90)] 

Temperature anomalies ( C) SON [(2071-2100)- (1961-90)] 
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Chapter 10

Consecutive dry daysWet days rainfall index

(2080–2099 minus 1980–1999)
A1B scenario

Multimodel ensemble IPCC AR4



1961-90 2071-2100, B2 2071-2100, A2

Increase in the frequency of
warm nights until 2100 

Warm nights index (TN90) [(2071-2100)- (1961-90)] 

Increase in the frequency of
warm nights during 1961-

2000

HadRM3

OBSV



Increase in the frequency of
intense rainfall events until

2100

Intense rainfall index ( R10) [(2071-2100)- (1961-90)] 

Increase in the frequency of
intense rainfall events during

1961-2000

OBSV

1961-90 2071-2100, B2 2071-2100, A2HadRM3



Increase in the frequency of
consecutive dry days until

2100 

Consecutive dry days index (CDD) [(2071-2100)- (1961-90)] 

Reduction in the frequency
of consecutive dry days

during 1961-2000

OBSV

1961-90 2071-2100, B2 2071-2100, A2HadRM3



The aggregated CCI (Climate Change index)  on a grid basis for South
America, for the 2071-2100 period in relation to 1961-90. (Baettig et al. 2007). 

Regions more vulnerable to 
Climate Change

The CCI indicates that climate will change
most strongly relative to today’s natural 
variability in the
tropics. The high CCI-values in the tropics
are caused by precipitation changes but
also seasonal temperature events.
Concerning strong temperature changes, it 
has to
be noted that in the tropics the hot 
temperature indicator responds more 
strongly to absolute changes in mean than
elsewhere, because natural temperature
variability is much smaller in the tropics
than in higher latitudes.
According to the CCI, climate is expected
to change more strongly relative to today’s 
natural variability in these more vulnerable
countries than in many countries with a 
high HDI and thus lower vulnerability.



NORTHEAST BRAZIL
A2: 2-4 C warmer, 15-20% less rainfall. 
B2: 1-3 C warmer, 10-15 % less rainfall
Possible impacts: High frequency of
dry spells and evaporation rates and
low soil moisture levels affecting levels
of channels and reservoirs. Losses in 
natural ecosystems caatinga.Tendency
towards aridization and desertification
in the semiarid region. Water scarsity. 
Waves of climate refugees migrating
towards large cities agravating social 
problems. Impacts on human health

AMAZON REGION
A2: 4-8 C warmer, 15-20% less rainfall. 
B2: 3-5 C warmer, 5-15 % less rainfall
Possible impacts: High frequency of dry spells in eastern
Amazonia and intense rainfall events in western Amazonia, 
losses in natural ecosystems, rain forest and biodiversity. 
Low river levels affecting transportation and commerce. 
Possible impacts on moisture transport and rainfall in 
Southeastern South America. Impacts on hydroelectric
generation.  More favorable conditions for spread of forest
fires. Impacts on health and commerce due to smoke. 

Summary of future climate change scenarios for the end of the XXI 
Century and possible impacts in Brazil



Large sections of the occidental Amazon region experienced intense drought
episodes during the last 100 years. Ocurrence of El Nino has been blamed to 
drought events in the past, as in 1926, 1983 and 1998.  Less than 40% of rainfall
variability in North and Central Amazonia is due to tropical Pacific variability

There is a positive trend in the SST in the tropical North Atlantic (about 0.6 C in the
last 50 years) super-imposed to decadal and interannual variability.  Human
influences have been detected in global and regional warming, together with
natural climate variability.

In the future: More El Ninõs or El Nino like warming, leading to drought and more 
fires? (uncertainties are still high).

One El Nino event should not be used as analogue for long term climate change
due to global warming.

Regional climate change projections:  Worse scenario: 6-8 C warmer, 15-25% less
humid, more extreme rainfall events and dry spells, dryier air and favorable
conditions for forest fires. 

Fact:  Future climate change projections due to the increase in the concentration of
GHG, they do not consider directly deforestation and land use change produced by
humans.
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